Supplementary Methods

Effects of treatment conditions in root protoplast
To test the effects of cycloheximide (CHX) on gene expression in isolated root cells transfected with an expression construct, we performed the TARGET assay (as described in the main text and Methods) with the following changes. A total of 8-12 million cells were transfected separately with either the GR-only empty vector (EV) or GR-TGA4, in pBeaconRFP_GR 1 . Cells transfected with each construct were split into 6 replicate wells of a 24 well plate after being washed three times. Following overnight incubation, transfected root protoplasts were treated as described in the main text (+N/+Dex) except that 20 min before DEX treatment half of the samples (3 replicates) for each construct were treated with 35uM CHX in DMSO (+CHX) and half with DMSO only (-CHX). Transfected cells were sorted by FACS for RFP expressing cells 3 hours after DEX-induced nuclear import.
The effect of nitrogen (N) pre-treatments on identification of TF-target genes was tested in the TARGET assay (as above) with the follow changes. Following transfection of 12-16 million cells with the same constructs, samples were split into 9 replicate wells in a 24 well plate. After overnight incubation and 2 hours before DEX treatment, root protoplasts transfected with each construct were treated with either 20mM NH 4 NO 3 + 20mM NH 4 KNO 3 , 5mM KNO 3 + 15mM KCl, or 20mM KCl (3 replicates each treatment).
All samples were treated with 35uM CHX for 20 min before DEX treatment.
For the above samples, libraries were generated, sequenced and processed as described in the main text. Genes that had a 5 fold-change difference in expression level in the +CHX condition compared the -CHX condition (Table S1) were excluded from subsequent analyses.
Nitrogen response in protoplasts compared to whole roots
To compare the N-response in the isolated root protoplasts transfected with an expression construct compared to whole roots, we grew and transfected protoplasts with the EV construct, as described in the main text. N-treatment of the protoplast samples was either 20 mM KNO3 + 20 mM NH4NO3 or 20 being sorted, roots were harvested and flash frozen in liquid nitrogen. Four independent Phytatray and protoplasts samples were collected for each treatment. Libraries were generated, sequenced and processed as described in the main text.
Construction of a nitrogen-response inferred network
We used a machine learning approach called Dynamic Factor Graphs (DFG) 15 , which we have previously the TARGET experiments with the input files at each step on top. After trimming adapter and low quality reads and bases, TopHat2 2 was used to align reads to the Arabidopsis TAIR10 genome. Gene counts for the aligned reads were estimated using the GenomicFeatures and GenomicAlignments 3 packages.
Expression counts from samples were combined and analyzed using DESeq2 We tested the effect that cycloheximide (CHX) had on 25 superior housekeeping genes from Czechowski et al. 5 , by performing parallel TARGET assays with and without the CHX treatment (6 treatment replicates). We found that while CHX does have an effect on some housekeeping genes (e.g. AT5G60390), the effect of CHX did not drastically change the expression level of the gene relative to other genes. These results suggest there is no global effect on RNA metabolism due to CHX treatment.
Finally, the CHX treatment also had a consistent effect on each of the genes in each of the replicates, 6 . This analysis shows that 80% of genes that respond to N-treatment in transfected root protoplasts respond in the whole root data sets. While a larger number of genes respond to N in intact roots, the overlap between the N-response genes in root protoplast and either whole root experiment (e.g. 56-59% of root protoplast N responsive genes) is similar to the overlap between the two whole root datasets (49-53%). 
Supplementary
Supplementary Figure 12. A pruned network inferred using Dynamic Factor Graphs predicts highconfidence targets for 145 NxTime TFs
The root NxTime data from Varala et al. 6 was used to infer TF-target influence with a time-based machine learning approach, DFG 15 . Using genome-wide validated targets for 29 of the 33 TFs (Fig. 2) identified by the TARGET system in root cells, the inferred edges in the DFG inferred GRN were pruned to a precision threshold of 0.32, chosen based on AUPR analysis ( 
